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Abstract
The flavour independence hypothesis for (tensor) glueball decays into exclusive
final states is not ruled out by the existing data. A new methodology for testing its
validity and accuracy is proposed in the framework of a particular mixing scheme.
As an important consequence of our analysis, a relative factor of the order of 10
must be experimentally observed for the ratio Γ(Θ → KK¯)Γ(Θ → pipi), if flavour
independence indeed is valid.
It is well known that the validity of flavour independence of glueball decays into
exclusive hadronic channels is still an open question in QCD phenomenology. It has
sometimes been assumed, nevertheless, that this is an intrinsic property of glueballs,
without a real justification. It is important, however, to stress that the phenomenological
validity of this property at the hadronic level may not necessarily follow from the basic
flavour symmetry at the level of quark-gluons interaction. Actually, even though this
should ideally be the case, it is a conjecture that cannot yet be proved or disproved
from first principles, due to our present almost complete ignorance of the process of
hadronization. One should hence resort to “conventional” phenomenology to shed light
on this fundamental subject.
The main purpose of this letter is to propose a methodology for discussing this problem
in the framework of a particular mixing scheme for tensor mesons. Once we have computed
all the components of this mixing scheme, it will be shown how the available experimental
data for the (mixed) tensor mesons → pipi− and → KK¯− decay modes could be used to
test the validity and the accuracy of the flavour symmetry hypothesis for glueball decays
into exclusive hadronic final states.
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2In a forthcoming paper [1] it is shown that no phenomenological evidence, capable of
proving or ruling out, in an unambiguous way, the possibility of gluonic admixtures in
the f -f ′ system, exists at present. It is our contention that the standard mixing between
f and f ′ may be considerably affected by the existence of a tensor glueball in the same
mass region of these two mesons, even though a strong evidence for introducing a gluonic
component into the f -f ′ system cannot be claimed by the present experimental data. The
existence of such a pure gluonic state is predicted by several theoretical calculations [2].
Thus, following the same procedure of two recent papers [3] analysing the η-η′-ι sector,
we have investigated the consequences of having a more general mixing scheme among
f -f ′ and a third meson (tentatively the Θ-meson) [1]. Our procedure can be summarized
as follows.
We start from the ansatz
|T 〉 = XT |qq¯〉+ YT |S¯〉+ Zr|gg〉 (1)
to describe the physical states T = f , f ′, Θ, where |qq¯〉 is the “ideal” octet-singlet mixture
|uu¯ + dd¯)√2, |ss¯〉 is the strange-quark component and |gg¯〉 the gluonic one. They are
assumed to be orthogonal states. The motivation for proposing this mixing scheme is not
new [4], but the philosophy we have followed in treating this subject is certainly a new
one. All the XT , YT and ZT coefficients are deterrnined by the following steps:
i) The two-photon decay widths of the A2, f and f
′ tensor mesons are taken as input.
In particular, we use the ratios Γ(f → γγ)/Γ(A2 → γγ) and Γ(f ′ → γγ)/Γ(A2 → γγ)
[5]. The reason is twofold. These ratios have the advantage of being independent of
the gluonic amplitude, because the electromagnetic decays are due to the (“charged”)
quark components. The constraints obtained on each of the components of eq. (1) are,
therefore, completely independent of the flavour independence hypothesis, whose validity
we are querying. Second, the γγ coupling is a most fundamental parameter of a resonance.
With these two relations we are able to determine the three mixing angles as a function of
the physical masses of the mesons f , f ′ and Θ and of the mass (mg0) of the pure gluonic
state. A consistent solution with real mixing angles for all the components of the mixing
scheme could be obtained only if mg0 lies into the range 1.558 ≤ mg0 ≤ 1.634 GeV. This
supports our initial guess that such a state could interfere with the f -f ′ system. By
varying mg0, we find a spectrum of “possible” solutions for XT , YT and ZT .
ii) Other constraints on the strange and nonstrange contents follow from the results
[6] on BR (J/ψ → φ(f, f ′)) and BR (J/ψ → ω(f, f ′)), respectively. At this point the
number of possible solutions (as a function of mg0) for XT , YT and ZT is strongly reduced.
At this point it is important to stress that a better knowledge of all the T → γγ and
J/ψ → V T decays (with V = ω, φ) could make these two above steps sufficient enough to
give a unique solution for the set XT , YT and ZT and, consequently, also for mg0. In this
case there would be no more free parameters in the model and the flavour independence
hypothesis could be directly verified without ambiguities.
As the situation is not such as to allow us to use only the above two steps, to pro-
ceed further we calculate the ratios Γ(f ′ → KK¯)/Γ(f → KK¯) (assuming BR (f ′ →
KK¯) ≈ 1), Γ(Θ→ KK¯)/Γ(f → KK¯), Γ(f ′ → pipi)/Γ(f → pipi) and Γ(Θ→ pipi)/Γ(f →
pipi) assuming D-wave dominance [7].
3These quantities have already been calculated using eq. (1) [7]. The main difference
of our approach is that we do not assume a priori that the |gg〉 component couples to
the two-body mesonic final state (in the present case pipi and KK¯) in an SU(3)-invariant
manner. We rather aim at verifying whether the flavour independence hypothesis of
gluonic-hadronic coupling is compatible with the present data within our mixing scheme.
Using the numerical values Γ(f → pipi) = (150± 17) MeV [6], BR(f ′ → KK¯) < 0.06
(cl. 95%)[8], Γ(f ′) = (85± 16) MeV [8], [9] (which give Γ(f ′ → pipi) < (5.1± 1.0) MeV),
Γ(f → KK¯) = (5.2 ± 0.7) MeV [6] and assuming BR(f ′ → KK¯) ≈ 1 we compute
the values of rgKK¯ = 〈KK¯|gg〉/〈pipi|qq¯〉 and rgpipi = 〈pipi|qq¯〉/〈pipi|qq¯〉. The advantage of
calculating these quantities is that deviation from the equality |rgKK¯| = |rgpipi| is a direct
measurement of the deviation from the flavour independence hypothesis. It turns out that
only for the solutions corresponding to the values mgo = 1.61 GeV and mgo = 1.62 GeV
it may be possible to have flavour independence. This latter value is what one expects
from lattice and potential model calculations [1].
At this point we calculate all the quantities shown in eqs. (4) below for both cases
mg0 = 1.61 and mg0 = 1.62 GeV, assuming flavour independence hypothesis. The best
set of predictions seems to correspond to the value mgo = 1.62 GeV. This solution gives
the following mixing coefficients (see eq. (1)):


f
f ′
Θ

 =


−0.988 0.137 0.068
0.148 0.748 0.647
∓0.038 −0.650 0.759




qq¯
ss¯
gg

 (2)
The result (2) may be compared with the finding of ref. [10]


f
f ′
Θ

 =


0.97 0.11 0.21
−0.22 0.77 0.60
−0.10 −0.63 0.77




qq¯
ss¯
gg

 (3)
where one can see that the main difference is in the sign of the qq¯ components of the f
and f ′. In the f case this difference does not matter because this is by far the dominant
component (≈ 98%). However, this sign difference turns out to be responsible for the
prediction [7] Γ(f ′ → γγ) ≈ 0, which does not meet the experimental indication.
The prediction we get from (2) plus the flavour independence hypothesis (rgKK¯ ≈
0.120 ≈ −rgpipi) are 

Γ(f ′ → pipi) = (1.6± 0.2) MeV,
Γ(Θ→ pipi) = (8.1± 0.9) MeV,
Γ(Θ→ KK¯) = (59.0± 8.0) MeV,
Γ(Θ→ γγ) = (0.3± 0; 1) KeV.
(4)
The first of the above predictions is within the present experimental limit Γexp(f
′ → pipi) <
5.1 MeV. Using the mean value 〈ΓΘ〉 = 150 MeV [11], we get BR (Θ → KK¯r) ≈ 0.40
and BR (Θ→ pipi) ≈ 0.054 (for the mgo = 1.61 MeV value these quantities are reduced to
approximately one-half of these values). This suggests that if flavour independence indeed
exists one must find other decay modes for Θ, like ρρ, K∗K∗, 4pi etc., and the pipi-decay
is suppressed by almost a factor 10 relative to the KK¯-decay mode of the Θ. This result
4is against naive expectations that if Θ is a pure glueball state (a pure singlet) one must
find a substantial decay rate into pipi [12].
Summarizing, the data are not in disagreement with a coherent mixing scheme for
f -f ′-Θ [1]. We have proposed a methodology for discussing the status of the flavour
independence hypothesis for glueball decays into exclusive final states, in the framework
of this general mixing scheme. Unfortunately, the overall available data are scarce. What
we would like to stress is the possibility of shedding light into a fundamental open question
of QCD phenomenology (namely flavour independence of glueball decays) by bettering
our knowledge on “conventional” mesons like f , f ′ and A2. We hope this possibility
motivates further experimental searches.
As a last remark, we would like to remember that flavour independence of glueball
decays (as well as other properties of this kind of hadron) is a nonperturbative QCD
problem. As stressed in the introduction of this letter, if this problem ought to be treated
at the level of fundamental constituents the problem of how the hadronization process
work is immediately raised: the phenomenology of exclusive final states is among the
most poorly understood aspects of QCD. In our method those perturbative effects are
clearly hidden in the definitions of rgKK¯ and rgpipi. We do not calculate these quantities
corresponding to nonperturbative processes like gg → KK¯ and gg → pipi. We have rather
tried to give a useful parametrization for those quantities which, effectively, allow us to
shed light on the problem of flavour independence from a phenomenological point of view.
Perhaps when a fully consistent theory of quark-gluon mixing will be available one will
get a deeper understanding of this fundamental problem.
* * *
One of us (FC) would like to thank the Conselho Nacional de Desenvolvimento Cien-
t´ıfico e Tecnolo´gico (CNPq) of Brazil for financial support.
References
[1] CARUSO F. and PREDAZZI E., to appear in Z. Phys. C [Zeitschrift fur Physik C -
Particles and Fields 33 (4) pp. 569-578 (1987)].
[2] ISHIKAWA K., SATO A., SCHIERHOLZ G. and TEPER M., in International
Lepton-Photon Symposium (Cornell University Press, Ithaca, N. Y.) 1983; CORN-
WALL J. M. and Som A., Phys. Lett. B, 120 (1983) 431; NOVIKOV V. A., SHIF-
MAN M. A., VIANSHTEIN A. I. and ZAKHAROV V. I., Nucl. Phys. B, 191 (1981)
301; JOHNSON K. and THORN C. B., Phys. Rev. D, 13 (1976) 1934; JAFFE R. L.
and JOHNSON K., Phys. Lett. B, 60 (1976) 201; DONOGHUE J. F. et al., ibid B,
99 (1981) 416; BARNES T. et al., ibid B, 110 (1982) 159; CARLSON C. E. et al.,
Phys. Rev. D, 27 (1983) 1556; CHANOWITZ M. and SHARPE S., Nucl. Phys. B,
222 (1983) 211.
[3] CARUSO F., PREDAZZI E., ANTUNES A. C. B. and TIOMNO J., Z. Phys. C, 30
(1986) 493; BEDIAGA I., CARUSO F. and PREDAZZI E., Nuovo Cimento A, 91
(1986) 306.
5[4] FUCHS N. H., Phys. Rev. D, 14 (1976) 1912; SCHNITZER H. J., Nucl. Phys. B,
207 (1982) 131; ROSNER J. L., Phys. Rev. D, 27 (1983) 1101; and ref. [10] below.
[5] Γ(f → γγ) = (2.64±0.13) KeV and Γ(A2−γγ) = (1.06±0.37) KeV (PLUTO COLL.,
BERGER CH et al., Phys. Lett. B, 149 (1984) 427); Γ(f ′ → γγ) = (0.11±0.06) KeV
(TASSO COLL., ALTHOFF M. et al., Phys. Lett. B, 121 (1983) 216, assuming
BR(f ′ → KK¯) ≈ 1).
[6] PARTICLE DATA GROUP, Rev. Mod. Phys., 56, No. 2 (April 1984) part II.
[7] SAMIOS N., GOLDBERG M. and MEADOWS B. T., Rev. Mod. Phys., 46 (1974)
49.
[8] AGUILAR-BENITEZ M. et al., Z. Phys. C, 8 (1981) 313.
[9] This value is in agreement with recent measurements, cf. ARMSTRONG et al., Nucl.
Phys. B, 224 (1983) 193.
[10] ROSNER J. L. and TUAN S. F., Phys. Rev. D, 27 (1983) 1544.
[11] This is the arithmetical mean of the experimental values ΓΘ(156±20) MeV (Mark II),
ΓΘ(130±20) MeV (Mark III) and ΓΘ(166±33) MeV (DM2), quoted in: COOPER S.,
in Proceedings of the International Europhysics Conference on High-Energy Physics,
edited by L. NITTI and G. PREPARATA (Bari, Italy) 18-24 July 1985, p. 966.
[12] See, for example, HITLIN D., in Proceedings of the 1983 International Lepton-Photon
Symposium, Cornell University. Actually, one should mention that also in the frame-
work of bag model, the pipi branching ratio of the Θ is shown to be smaller than KK¯,
even if Θ is a pure tensor glueball. Cf. CHANOWITZ M. S. in Proceedings of the XIV
International Symposium on Multiparticle Dynamics at High Energies, Lake Tahoe,
June 22-27, 1983.
